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. Abstract:ln thisarticle,thirteenyearsof weeklyseasurfacetemperature(SST)fieldsderived
tromNOAA AdvancedVeryHighResolutionRadiometerglobalareacoverageintraredsateIlite
data,tromJanuary1982to December1994,are usedto investigatespatialand temporal
variabilitiesof SST seasonalcyclein theSouthwestAtlanticOceanoThisworkaddresseslarge
scalevariationsovertheeasternSouthAmericancontinentalshelfandsloperegionslimited
offshorebythe1000-misobath,between42° and22°S.SSTtimeseriesarefit withannualand
semi-annualharmonicstodescribetheannualvariationof seasurfacetemperatures.Theannual
harmonicexplainsa largeproportionof theSST variability.Thecoefficientof determinationis
highest(>90%)onthecontinentalshelf,decreasingoffshore.Theestimatedamplitudeof the
seasonalcyclerangesbetween4°and13°ethroughoutthestudyarea,withminimain August-
Septemberandmaximain February-March.Aftertheidentificationandremovalof thedominant
annualcomponentsofSSTvariability,modelsuchastheonepresentedhereareanattractivetool
tostudyinterannualSSTvariability.
. Resumo:Nesteartigo,trezeanosde imagensemanaisdatemperaturada superficiedo mar
(TSM) obtidasatravésdosensorintravermelhoAdvancedVeryHigh ResolutionRadiometera
bordodossatélitesNOAA, dejaneirode1982adezembrode1994,sãoutlilizadasparainvestigar
asvariabilidadespacialetemporaldociclosazonaldeTSM noOceanoAtlânticoSudoeste.Este
trabalhobjetiva svariaçõesdelargaescalasobrea plataformacontinentale o taludelesteda
Américado Sul limitadosao largopelaisóbatade 1000metros,entre42°Se 22°S. As séries
temporaisdeTSM sãoajustadasaosharmônicosanuale semi-anualparadescrevera variação
anualdastemperaturasda superficiedo mar.O harmônicoanualexplicaa maiorparteda
variabilidadeda TSM. O coeficientede determinaçãoé alto (> 90%)sobrea plataforma
continental,decrescendoemdireçãoaolargo.A amplitudestimadadociclosazonalvariaentre
4° e l30enaregiãodeestudo,atingindomínimastemperaturasemagosto-setembroemáximas
emfevereiro-março.Apósidentificaçãoeremoçãodascomponentesdominantesdavariabilidade
da TSM, modeloscomoo apresentadoaquisãoumaferramentatrativaparao estudoda
variabilidadeinter-anualdaTSM.
. Descriptors:AVHRR,SST,Annualvariability,SouthAtlantic.
. Descritores:AVHRR,TSM,Variabilidadeanual.AtlânticoSul.
Cantr.no.834do Inst.aceanagr.daUsp.
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Introduction
Seasurfacetemperature(SST)is oneof the
majorcomponentsfor studiesin air-seainteractions
andcIimatcchangc.Knowledgeof thcannualSST
cycle,a patternthatnearlyrepeatsitselfevery12
months,isalsoimportanttounderstandthetimingof
localfisheryresources.Indeed,a descriptionof the
SSTannualcycleallowsthedominantseasonalsignal
to beremoved,thus,providinga wayto evaluate
intcrannualSST variabiIity. Suchanevaluationis
expectedto providea backgroundfor empirical
investigationsintoannualandinterannualcyclesfed
byatmosphere-oceandy amics.
Thispaperdescribestheannualcycleof SST
on theWestemSouthAtlantic(WSA) continental
shelfusingthirteenyears(January1982-December
1994)of infTaredsatelliteobservations.Similar
studieshaveconcentratedonotherpartsof theworld
ocean(Wyrtki,1965;Mer1eetai,1980;Hore1,1982;
Gacic et ai, 1997). In the Brazil-Ma1vinas
Confluence(BMC) regionthereare also some
previoustudies(e.g.,Podestáetai,1991;Provostet
ai, 1992).Neverthe1ess,noneof theseinvestigations
havefocusedontheWSA continentalshe1f.Repeated
measurementsbysatellite-basedsensorsnowpermit
animprovedefinitionofthetimingandamplitudeof
theSST cyclein thisarea,historicallyundersampled
by conventiona1p atformssuchas shipandbuoy
observations.
Theareaof study(Fig. 1)encompassestwo
differenthydrographicregimes.Thenorthwardflow
ofco1dSub-AntarcticWatersoftheMa1vinasCurrent
(MC) a10ngtheshelfbreak,andthesouthwardflow
ofTropica1WaterfTomtheBrazilCurrent(BC)a10ng
thecontinentalmargin(Emílsson,1961;CastroFilho
et ai, 1987) (Fig. 2). The Brazil andMa1vinas
currentsroeetover the continentalslopeoff the
Argentineanbasin,near36° S, creatinga strong
frontalzone(Gordon,1989).Bothcurrentsthenflow
eastwardclosing the subtropicalgyre. Recent
descriptionsofthehydrographyandthecircu1ationi
thisareahavebeenprovidedby01sonetai. (1988),
Garzoli& Garraffo(1989),CamposetaI. (1995),
andPio1aetai. (2000).
Dataandmethods
SatelliteData
The satellite-derivedSST estimatesare
obtainedfTomtheAdvancedVeryHighReso1ution
Radiometer(AVHRR) onboardtheNOAA-N polar
orbitingsatellites.A detai1edescriptionof the
spectralbandsof the AVHRR can be foundin
Schwa1b(1978)andKidwell(1991).
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Fig. 1.Areaof study.Thedotsindicatethe344pointsfor
whichSST wasextractedandtheseasonalcycle
was estimated.PointslabeledA throughH are
representativeof themainhydrographicregimesin
theregion.Thethreethinblacktinesindicatethe
50-m,200-m,andl000-misobath.
Fig. 2. Schematicrepresentationf the Brazil Current
domain.The focushereis placedon theBrazil
CurrentandMalvinasCurrent(referredhereas the
FalklandCurrent)regimes.Bathymetricontours
areat 1000-mintervals;depthslessthan3000
metersare shaded.Adaptedfi'omPeterson&
Stramma(1991).
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SSTs are derived fTom Global Area
Coverage(GAC) data.Thespatialresolutionof the
AVHRR GAC datais 4 km at nadir.GlobalSST
fieldsare producedat the Universityof Miami's
RosenstielSchool of Marine and Atmospheric
Science(RSMAS)usingtheSST estimatesprovided
by NOAAINESDIS (National Oceanic and
AtmosphericAdministration/NationalEnvironrnental
SatelliteandDatalnformationService).Seasurface
temperatureis computedusing a multichannel
algorithm(MCSST)forAVHRR infTaredchannels4
and5(McClaineta!.,1985).
The MCSST is derivedfToma multiple-
regressionanalysisusing coincidentsatelliteand
driftingbuoydata(Barton,1995).The root-mean-
square(rms)errarforglobalestimatesof SST using
channels4 and5 is typically0.6°C(Barton,1995;
Walton eta!.,1998).This valueis simplytherms
errorobtainedinthelinearegressionanalysisusedto
derivetheMCSSTalgorithm.
OceaninfTaredmeasurementsmayinclude
othererrar sources,such as instrumentalnoise,
residualcloud contamination,residualcalibration
errors,etc.Moreover,thesatellite-derivedSST data
include discrepanciesbetweenthe ocean skin
temperaturemeasuredby the AVHRR and the
underlyingmixedlayerorbulktemperaturemeasured
bythedriftingbuoys(WaltonetaI., 1998).A current
statusontheaccuracyof satellite-derivedSSTcanbe
foundin Casey& Cornillon(1999).SST fieldsare
thenmappedto a fixed earth-basedgrid usinga
cylindricalequi-rectangularp ojection.This grid,
withelementsizeof 18x 18km,hasdimensionsof
2048(longitude)x 1024(latitude)(Olson et aI.,
1988). Daytime-onlycloud-fTeeSST retrievalsare
pooledat weeklyintervals.Cloudinessassociated
with warmwestemboundarycurrentsis a major
problemforinfTaredSSTdetermination,eitherbynot
allowingSSTretrievalswhenpixelsaretotallycloud-
coveredar by introducingnegativebias in SST
estimatesfor cloud-contaminatedpixels(Podestáet
a!.,1991).Poolingthematweeklyintervalsincreases
thenumberof cloud-fTeepixelsonanimageand,at
thesametime,reducesthelikelihoodofnegativebias
duetocloudcontamination.Descriptionanddetailsof
themethodcanbefoundin Olson eta!.(1988).The
weeklySST fieldsarethebasisof ali subsequent
analysis.The datausedhereis fTomradiometers
onboardNOAA-7toNOAA-13.
Aualysis
Sixteentransectsdefinedoverthe areaof
studyareconsidered.Outof thesetransects,13are
cross-shelfand3 along-shelf.For eachtransectthe
gridpointsarespacedby 25 km.Thetransectsare
orientedfTomsouthtonorth,andfTomonshoretothe
1000-misobath.SSTvaluesareextractedateachgrid
point.Aftertheextractions,344individualtimeseries
areobtained.TheSST timeser'iesanalyzedspan13
years,fTomJanuary1982toOecember1994.
The centralpremiseof ali subsequent
analysisis thateachweeklySST series,Y(t), canbe
consideredasthesumofseveralcomponentsthatare
distinguishedbythewaytheyvaryin time.Following
the nomenclatureproposedby Cleveland et a!.
(1983),SST seriescanbemathematicallyexpressed
as
(1)
for (t =1...N),andwhere:Y(t)is theobservedSST
valueatdayt, Ttis thetrendcomponent,associated
withthelow-fTequencybehaviorin theleveIof Y(t)
series,St is theseasonalcomponent,a patternthat
nearlyrepeatsitselfevery12 months,and it. the
irregularcomponentwhichdescribestheremaining
variation.This lastcomponentcanbe a misnomer,
sinceitmaycontainregularpattemsnotcapturedby
theothertwocomponents.
The seasonalcomponentin eachSST time
series is mode1edfollowing the methodology
describedby Wyrtki (1965)and Podestá et aI.
(1991).The methodologycombinesthe use of a
generallinearmodelto explicitlymodeltheannual
seasonalcomponent(Clevelandet a!., 1983).The
seasonalcycleof SST ateachgridpointwas,then,
modeledas a sum of sine and cosine terms
representingthe contributionof annual and
semiannualharmonicsplusameanvalue.Thismodel
canbewrittenas
Y(t)=ao+Ia}cos(hjt/365.25)+b,sin(hift/365.25)]+e(t).
)=\
(2)
where:Y(t) is theSST valueatdayt (expressedin
daysafter 1 January1982),ao is the estimated
temporalmeanvalue,aj andbj arethe estimated
regressioncoefficientsfor theannualharmonic,a]
and b] are the coefficientsfor the semiannual
harmonic,ande(t)is theerrorterm,assumedto be
independentandnormal1ydistributed.
The model includesonly annual and
semiannualharmonicsbecausebotharefoundto be
of importancein otherstudiesof temperaturecycles
in tropical(Wyrtki,1965;Merle etaI., 1980)and
subtropical(Podestáet a!., 1991;Provost et a!.,
1992)oceans.Someadvantagesof thismodelcanbe
statedasfollows:(i) dataareimplicitlya ftrnctionof
time;(ii) SSTsdonothavetobeobservedatregular
temporalintervals;and(iii) thecoefficientsa(haj ...
b)(forj=1,2)canbeeasilyestimatedbyleastsquares
multipleregression.In addition,theselectedmodel
hasa physicaljustification.Periodicfluctuationsin
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theamountof solarirradianceon the seasurface,
whichareknowntoplaythemajorrolein forcingthe
annualSST cyclemainlyin coastalandshelfseas,
haveasinusoidalpattem(Seckel& Beaudry,1973).
To evaluatetheadequacyof themodel,the
F-statisticis calculated.Forareviewof themethod,
thereaderisreferredtoBrook& Amold(1985).The
goodnessof themodelcanbeexpressedthroughthe
coefficientof determination(,-2), which,in turn,
measurestheproportionof thevariationin y thatis
explainedbythepredictorvariables(x).
Results
Due to the largeamountof regressions
performed,it is decidedto selecteightpointsas
representativesofthemainoceanographicfeaturesfor
furtheranalyses.Point A (J8°20'S,54°27'W)js
influencedbytheoffshore xtensionsof bothBrazil
andMalvinascurrents,PointB (35°26'S,54°W)is
approximatelyon themidshelfoff Rio de Ia Plata,
Point C (34°41'S,5001O'W)is locatedin Brazil
Currentwaters,PointsD (31°16'S,50'W)and F
(26°31'S,4TO1'w) areonthemid-outershelf,Points
E (29°41'S,49°W)andH (24~3'S,45°08'W)areon
themidshelf,andfinalIyPointG (25°56'S,45°20'W),
which is influencedoffshoreby the meandering
partemofBrazilCurrent.TheestimatedSSTseasonal
cycletrackstheobservedSSTquitewelI,suggesting
thatthesinusoidalmodel(Eq.2) is adequate(Figs3
and4).
Overallsignificanceofthefitting
Forthe344timeseries,theregressionmodel
is significant.In everycase,theprobabilityof the
overalIF-testis <0.01.Thehighsignificanceof the
regressionmodelsuggeststhatthe selectedmodel
accountsfor most of the variabilityin SST
distributions.As anindexofthemodelfit,thermsof
theresiduaIsforalIgridpointsis l.l7°Cwitharange
ofO.80°to2.69°C(Fig.5).
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Fig.3. Satellite-derivedSSTs(dots)andestimatedannualSSTcycle(line)for
pointsA throughD. The estimatedannualcycle is approximately
symmetricwithmaxima ndminimaSSTsobservedaboutsix months
apartreflectingapatterntypicalofmidlatitudes.
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Fig.4.Satellite-derivedSSTs(dots)andestimatedannualSSTcycIe(line)for
pointsE throughH. The estimatedannualcycIeis approximately
symmetricwithmaximandminimaSSTsobservedaboutsixmonths
apartreflectingapattemtypicalofmidlatitudes.
Variancein SST valuesexplainedby the
sinusoidalfit is quantifiedby the coefficientof
determination(?). The spatialdistributionof ? is
showninFigure8.
Although the r2 valuesare probably
slightly overestimatedue to serial correlation,
emphasisshould beplacedonthespatialpattem
and the relative magnitudesas discussedby
Chelton(1983) andPodestáet aI. (1991).From
southof Rio de Ia Plataestuaryup to 28°S, the
coefficientof determinationis highest(?>90%)on
thecontinentalshelf. In theBMC regionandnorth
of25°S,lowvalues(? <80%)areobservedoffshore
and onshore, respectively,reflectinglargerms
values(~2°C).Theselargevaluesareprobablydue
to advectiveprocessesrelated to meridional
displacementand eddy sheddingffomtheBC in
theBMC, and the strongmeanderingof theBC
north of 25°S. These processesintroduceSST
variabilitiesthat are not directlyassociatedwith
the seasonalcycle. Points A, G, and H are
representativeof thesetwo hydrographicfeatures,
clearlyseenin the residualplotsbythescattering
of residuaIsaroundthe adjustedvalues(Figs6
and7).
Theclosenessof pointH tothewell-known
upwellingregionsouthof CaboFrio (RJ) (Castro
Filho& Miranda,1998)is alsoreflectedin theSST
residualplot.NegativeSSTresiduaIsmostlyobserved
during austral spring-summer season,when
upwellingfavorableconditionsprevail(Valentinet
ai.,1987),aresuggestiveofthisscenario.
Theseasonalcycle
Thereiativecontributionof eachcomponent
(i.e., annualand semi-annualharmonics)of the
estimatedannual SST cyclecan be evaluated
throughthe absolutemagnitudeof its respective
regressioncoefficients.For theannualcomponent,
thecoefficientsaregenerallyoneor two ordersof
magnitudelargerthan thosefor the semi-annual
harmonics,indicatingthemuchgreaterimportance
of the annual harmonics.Given the high
significanceof the annualcoefficients,general
conclusionsconcemingtheirinfluenceareprobably
not invalidated by the presenceof serial
correlation.Ontheotherhanei,f realisticteststaking
intoaccountautocorrelationwereapplied,thesemi-
annualcomponentmightbeinsignificant(Podestáet
aI.,1991).
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Fig.5.Contours01"root-mean-square( rns) (in 0c) of
the regressionfits of annualcycle.Higherrrns
values(~2°C)areobservedsouthof 36°Sin the
Brazil-MalvinasConfluenceregion.Northof the
Rio deIaPlataupto Rio deJaneiro,valueslower
than1°Ccanbeseen.
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r'ig.6.Timesequenceofresiduals(dots)ftomestimatedSSTannualcycle
for pointsA throughD. The largestnon-seasonalvariabilityis
observedforDOintsA andB.
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The resultingdistributionof the mean
estimatedSST for theaustralsummer (JFM) and
theaustralwinter(JAS) showsthebasiclarge-scale
temperaturestructurefor theregionof study(Figs
9 and 10). Estimatedsurfacewatertemperatures
during summershow small cross-shelfthermal
gradients.The whole shelf has essentially
homogeneoustemperatures.From Rio deJaneiro
to the meanlatitudeof separationof the Brazil
Currentttomthe continentalmargin(Olsonetai.,
1988),the regionis dominatedby thesouthward
flow of BC warmwaters,withsurfacetemperatures
higherthan20°C.Althoughlocalheatingis known
tobe an importantfactor, theorienmtionof the
isothermssuggeststhat an increasein surface
temperatureis primarilydueto the advectionof
warm watersttom lower latitudes.In winter,
however,minimumtemperaturestendtobeparallel
to thecoastanda strongthermalgradientdevt<lops
offshore(Fig. 10).In thisseason,subantarcticcold
watersreachtheir northernmostposition,occupying
mostof thecontinentalshelfportionsouthof the
PatosLagoon,with surfacetemperaturesranging
between7°C and 14°C.North of 32°S,a strong
thermalcontrast(>3°C) over the shelf-break
can be observed.The southernmostlimitofBC is
typically markedby averagetemperatureshigher
than 18°C,extendingttomshelfto sloperegions.
However,one has to keepin mindthatthisis
only a surfacefeature,nottotallycoincidentwith
thesub-surfaceanddeepercirculations.
AmplitudeaftheSeasonalCycle
The estimatedcoefficientsfor theseasonal
model are usedto computethehighestandthe
lowestSST valuesfor eachgrid pointandtheday
of the year at whichtheywill occur.The
amplitudeof theannualcycleis calculatedas the
maximumminus the minimumpredictedSST.
Generally,the annualamplitude(in 0c) of the
sinusoidalmodel (Eq.2) is maximum onthe
shelf. The generaltendencyis an amplitude
decreasettomsouthto northand&ominshoreto
offshore,reachingvalueshigherthan7°Contheshelf
(Fig.11).
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Fig.7.Timesequenceofresiduals(dots)ttomestimatedSST annualcycle
forpointsE throughH.
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(Podestá et aI., 1991). Small variations in SST
amplitudeoccur further north and away from the
shelf-break(> 7"C), where the region is mostly
dominatedby warm waters of the Brazil Current
throughouttheyear.
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Fig. 8. Contoursof thecoefficientof determination(r2x
]00) of theregressionfits of annualcycle. Values
areexpressedaspercentages.Highr2values(>90%)
arenearthecoast,wheretheadjustedmodeltracks
bettertheobservedSSTs.
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Fig.9. EstimatedmaximannualSSTsateachgridpoint
(in"C)foraustralsummer(Jan-Feb-Mar).
The largest annual amplitudes (12-13"C)
occur otl Rio de Ia Plata estuary,where depths
range from 20 to 200 meters. On the shelf,
amplitudesrangefrom I I"C south of 33"S to 6"C
north of 30"S. Offshore,maximumamplitudes(10-
II "C) are observedin the areaof MC recirculation
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Fig. 10.EstimaledminimaannualSSTsaI eachgridpoint
(in"c) foraustralwinter(Jul-Aug-Sep).
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Fig. 13.AmpJitudeof lheannualSST cycle,estimatedas
thedifferencebetweenthehighestandlowest
predictedSSTsateachgridpoint.Theamplitude
decreasesoffshore,andthehighestamplitudeis
observedoffRiodeIaPlata.
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Timing of theseasonalcycle
Figures12and 13 showthe day of theyear
when maximaand minima predicted SSTs occur.
On the shelf, the general tendencyfor the phase
of the maximumannualSST referredto January I
is between30 days (at the mouth of Rio de Ia
Plata estuary) and 70 days (in the South Brazil
Bight and in the BC flow region). Most of the
area, however, experiences the highest
temperaturesbetween days 50 and 70, which
correspondsto February (19) and March (11),
respectively.In Figure 12, the timing of maximum
predicted SST is between days 30-40 south of
35°S and wet of 55°W at the mouthof Rio de Ia
Plata estuary,and is between60-70 days north of
34°Sandeastof 50oW,extendingfrom thecoastto
1000moffshore.
Generally, south of Cabo de Santa Marta
the region warms up quicker than north of this
boundary,reaching higher predictedtemperatures
in February than the beginning of March. This
implies that the highest summer surface
temperaturescan be reachedapproximately30 days
earlier in the southernportion and inshore of BC
domain.
Fig. 12. Dayof theyear(startingfromJanuaryjSt)in which
maximumSST is predictedto occur.Most of the
area experiencesthe highestsurfacetemperatures
between50 and 70 days, which correspondsto
February(19)andMarch(lI), respectively.
Fig. 13. Dayof theyear(startingfromJanuaryjSt)in which
minimumSST is predictedto occur.The predicted
daysof minimaSSTs rangefrom thebeginningof
August (8) to the beginning of September(7).
The predicteddaysof minimumtemperature
rangefrom the beginningof August (day8) to the
beginning of September (day 7). These values
correspondto two regions:northof thePatosLagoon
andon theshelf;off the200-misobathandsouthof
the Patos Lagoon. The temporal lag for minimum
predicted SSTs is less than that for maximum
predictedSSTs.
Discussion
The linear model provides a compact
descriptionof theannualSST cycle.For the344SST
time series the annual component is dominant,
addressinghigh surface thermal variability to the
seasonaltimescale.Annual harmonicsare generally
one to two ordersof magnitudelargerthanthosefor
thesemiannualcomponent,indicatingthe importance
of annualharmonic.StrubetaI. (1987)observedthat
limiting theharmonicfits fo annualand semiannual
componentsreducedthe effect introducedby high-
frequencyfluctuationsin shorttimeseries,whichdid
not happenin longertimeseries.Althoughstatistical
significance of the regression coefficients can be
inflatedby serialcorrelation,thesinusoidalmodelis
probably not invalidatedby the presenceof serial
correlation due to the high significance of the
regression coefficients (Podestá et aI., 1991).
Indeed,the first two harmonics(i.e., annual
andsemiannual)plus themeanvaluearesufficientto
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representtheSST annualcycle.The seasonalcycle
accountsformorethan90%of totalSSTvariability.
SST variationswithin a year clearlyshow the
existenceof distinctseasons.The adjustedannual
SST cycle can be consideredas approximately
symmetricwith minima and maxima surface
temperaturesobservedaboutsixmonthsapart.This
sinusoidalpattem,typical ofmidlatitudes,suggests
thatSST is forcedmostlybyseasonalf uctuations
in solarradiation(Seckel& Beaudry,1973).For
tropical and subpolar latitudes,however, the
semiannualcomponentis asimportantastheannual
component,givingan asymmetricalpattemto the
seasonalSST cycle(Merle eta/., 1980;Provostel
aI.,1992).
Themodel,thus,allowsthereconstructionf
an SST fieldfor anydayof theyearby usingthe
regressioncoefficientsfromthesinusoidalmodel(Eq.
2) withanaccuracygreaterthan1.0°Contheinner
and mid-shelfregions.Small variancesof the
predictedSSTsarenearthecoast,wheretheadjusted
modeltracksbettertheobservedSSTs(seeFig. 6).
The smallvarianceat pointswhereresiduaIsare
large,like in the frontalregion(e.g.,point A),
indicatesthatalthoughsignalswithotherperiodsare
importanthere,the annualcycle is undoubtedly
clearlydefined.
Althougha sinusoidalcyclewith a single
annualfrequency'Seemstoexplainaccuratelymostof
thetemporalvariationsof theSSTs,onecaneasily
distinguishotherperiodicsignalsin theresidualtime
series.Thecharacterizationf theSST annualcycle
estimatedheremaybeaffectedby long-termtrends,
obviouslynotcompletelyresolvedby thirteenyears
of data.For instance,analysisof theSST residuais
(not shownhere)do not suggestany significant
upwardtrendastheonereportedby Strong(1989).
Instead,theoscillationsof the residuaIsfromthe
annualcycleabouthezerolinearemoreindicative
ofalow-frequencyomponentofSSTvariabilitythan
anyotherlong-termtrend.Indeed,suchinterannual
variabilityis knowntoexist,asreportedbyrecentin
situ andsatellite-basedobservationsin the WSA
(Camposeta/.,1996;Diaz eta/., 1998;Stevenson
eta/., 1998;Camposet a/., 1999;Lentini et a/.,
2001).Thesestudiesdescribethe occurrenceof
importantnon-seasonalSST featuresappearing
withina few yearsof eachother.Usingthesame
datasetdescribedhere,afterthe removalof the
seasonalcycleLentinietaI. (op.cit.)observeatotal
of thirteencold and sevenwarmSST anomalies
duringandrightafterENSO onsetin theareaof
study.
As a consequence,theseSST anomalies
radicallychangethelocalphysical(Camposet a!.,
1996;Lentinieta/.,op.cit.)andbiologicaldynamics
(Bakun,1993;Stevensonet aI., 1998;Sunye&
Servain,1998)in theWSA continentalshelf For a
compactdescriptionof theoccurrenceof theseSST
anomaliesintheareaofstudythereadershouldrefer
toLentinietaI.(op.cit.).
Podestá et aI. (1991) comparedthe
estimatedannualcyclewiththeCOADS climatology
for the SouthwestemAtlantic.Even thoughthe
predictedSST mapwas on aio squaregrid,the
spatialstructureof the westemboundarycurrents
had a muchmorerealisticappearancethan the
onederivedfromCOADS dataset.Exceptionsmay
be observedin the frontal regionof BMC zone
and the regionaffectedby the Rio de Ia Plata
dynamics.In the confluenceregion,uncertainties
increaseto2.69°Coffshore,probablyassociatedto
theenergeticeddyfield madeup ofhighamplitude
meandersanddetachedringsandeddies(Olson et
a!.,1988).
Displacementof thesefeaturesmaycause
relativelylargeSST changesata particularlocation
notdirectlyrelatedtotheannualcycle.Off Rio deIa
Platathemodelhasa relativelylow accuracyof
1.5°C,probablyasaconsequenceof thetemperature
differencesbetweenfreshwaterrunoffand surface
coolingto adjacentopenseasurface(Piola et a/.,
2000).
, Theestimatedamplitudeof theannualSST
cyclerangesbetween4°Cand13°Cthroughoutthe
studyarea,whereasouthwardalongshelfgradientis
basicallyestablished.Duringsummer,anincreaseof
transportby the BC advectswarmwatersfurther
southof itsmeanseparationlatitude(Olson etaI.,
1988;Matano,1993).Thisseasonalincreaseaddsup
warmwaterstotheregularannualcyclecontributing,
thus,for the largeamplitudesobservedsouthoff
PatosLagoonandoffRio deIaPlata.Duringwinter,
however,the strongerMalvinasCurrent,70 Sv
(Peterson,1992)against20 Sv (1 Sv = 106m3s'1)
(Gordon& Greengrove,1986;Camposeta/.,1995),
essentiallypushestheBrazilCurrentnorthwardupto
300Sand offshore.Coastalwatersare apparently
modifiedbysurfaceheatfluxesovertheArgentinean
continentalshelfandby freshwaterdischargefrom
Rio deIaPlata(Piola eta!.,2000).Southof 40°S,
theshelfis dominatedby excessevaporationover
precipitationandcontinentalrunoff(Bunker,1988).
The region exhibits large seasonalvariations
associatedwith air-seaheatfluxes,which,in tum,
driveslargevariationsin densityfieldsatseasonalto
higherfrequencies.Indeed,thecombinationof the
north-southseasonaldisplacementand the large
contrastbetweenairandwatertemperatures(Provost
et aI., 1992)is certainlyresponsiblefor the large
amplitudevaluesobserved.
The estimatedtiming of the annual
maximumSST showsa south-northlagoAt thetime
of theannualmaximum,mostof thestudyareais
verticallystratified.For shallow depths,small
changesin heat input will have similar effects
throughouta largeareadue to seawaterthermal
inertia.
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TheregionrepresentedbypointH showsa
10-daytemporallagto itssurrounding.Thiscana1so
beobservedin Figure6, wherer2valuesarelower
than85%.This localmaximumcou1dbeassociated
withthemeanderingpattem,frontalvorticespinched
off theBrazilCurrentaroundCaboFrio(RJ), anel/or
upwelling-favorab1econditionsouthof CaboFrio
(RJ). The spatialpattemof thepredictedtimesof
minimumSSTismuchmoreuniformthanthatofthe
maximum,whichasouth-northlagisobservedagain.
As statedby Podestá et aI. (1991),the
timingfor maximumandminimumSST valuesis
sensitiveto theregressioncoefficientsusedin the
prediction.As thecoefficientsshouldbeinflatedby
serialcorrelation,theconfidenceintervalshouldbe
narrowandtheestimatedateswouldbe slightly
higher.The spatialpattemsfor bothminimaand
maximatemperaturesshowagoodestimativeforthe
phase,sinceeachdatapointin thegridis extraçted
fromweeklyimages.
The annualminimumSST is estimatedto
occur in August-September,whereasthe annual
maximumSSTispredictedtotakeplacein February-
March.Oceanographic/meteoro10gicalconditionsare
knownto controlfish distributionandabundance
(e.g.,Lima & Castello,1995;Sunye& Servain,
1998).Estimatesof thetimingof theannualcycle,
thus,canbe usefulto understand,the occurrence,
distribution,andmigrationof local economicfish
stocks.Forexample,theoptimumtemperatureforthe
distributionof sardinealongtheBraziliancoastlineis
between19°-26°C(MatsuuraetaI., 1991;Saccardo
& Rossi-Wongtschowski,1991).Itsspawningactivity
reachesa peakin australsummer,beingessentially
confinedwithin the South Brazil Bight (SBB)
(Bakun,1993).Therefore,latitudinalvariationsinsea
surfacetemperatures,whichmayserveas a good
indicatorof watercolumntemperature,may be
responsiblefor sardinemigrationin the SBB. As
anotherexample,the Braziliananchovyand the
Argentine hake are spatially segregatedby
temperature(Bakun,op.cit.).Bothanchovyandhake
migrationsoccurfTomlatewinterto earlysummer
(Lima& Castello,1995;Podestá,1990),atthetime
whenshelf-breakwatersbegintowarmup.
Conclusions
1nretrospect,thispaperprovidesa detailed
descriptionof theseasonalSSTcyclein theWestem
SouthAtlanticcontinentalshelf.Emphasishasbeen
placedonthespatialdistributionof thetimingand
amplitudeof theannualSSTcycle.Thelackof long
timeseriesof oceanographicdatain the southem
hemispheremakessatellite-derivedSST timeseries
overtheareaofstudyaparticularlyvaluab1edataset.
The high spatial resolutionand quasi-synoptic
coverageof satellite-derivedSST observationsmay
allowmeaningfu1estimatesof spatia1andtemporal
pattemsof SST anomaliesparticular1ynearocean
boundaries,wheretheirclosenessto1andmakestheir
influencesmoredirectandstrong. Coastalwaters
storethesun'sheatin summerandreleaseit to the
atmosphereinwinter,he1pingtomoderateheclimate
of littoralregions.AIso, as SST anoma1iesstrongly
influence the coup1ingbetween ocean and
atmosphere,the methodologypresentedheremay
contributeto an understandingof interannua1
variabilityrelatedto climatechange.Such an
approachcanbeseenin CamposetaI. (1999)and
LentinietaI. (2001),whereafterremovaloftheSST
seasonalcycle,a deepinvestigationof interannua1
SSTvariabilityisdone.
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